Investigation of Bird Strike Phenomena on Shape Memory Alloy  by Nagraj, R.G. et al.
 Procedia Materials Science  5 ( 2014 )  50 – 59 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.241 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
,QYHVWLJDWLRQ2I%LUG6WULNH3KHQRPHQD2Q6KDSH0HPRU\$OOR\
1DJUDM5*D&69HQNDWHVKDE5DMHHY-DLQDE
*1'(&%LGDU,QGLD
8%'7'DYDQDJHUH,QGLD*75(%DQJDORUH
$EVWUDFW
%LUG LPSDFW XVXDOO\ RFFXUV GXULQJ WDNLQJ RII RU ODQGLQJ RI IOLJKWV 7KH DLUFUDIW VWUXFWXUHV VKRXOG DEVRUE LPSDFW HQHUJ\
JHQHUDWHGGXH WR LQJHVWHGELUGV LFHEDOOVRUKDLO VWRQHDQGKDUGERG\REMHFWV HWF7KHSDSHUGHDOVZLWKD VHQVLWLYLW\ VWXG\ RI
K\GURG\QDPLF ELUGPRGHOV ZKLFK LV SHUIRUPHG E\ QXPHULFDO VLPXODWLRQ 7KLV LV FDUULHG RXW E\ XVLQJ WKH /6'\QD FRGH IRU
LPSDFW RI VXEVWLWXWH ELUGRQ FLUFXODU SODWH RI1L7L 6KDSH0HPRU\$OOR\7KH REWDLQHG UHVXOWV DUH FRPSDUHGZLWK NLQHPDWLF
SODVWLFPDWHULDOV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
>
.H\ZRUGV%LUG6WULNH3KHQRPHQRQ,PSDFWORDG)(0/6'\QD
 ,QWURGXFWLRQ
,PSDFW RI VRIW ERG\ RQ DLUFUDIW VWUXFWXUHV LV FULWLFDO WR VDIHW\ RI WKH ODWWHU +HQFH WKH GHVLJQ RI VWUXFWXUHV LQ
DLUFUDIWLVSULRULWL]HGIRULPSDFWORDGLQJ 7KHVRIWERG\OLNHELUGVWULNHVRUELUGLQJHVWLRQLVRQHRIWKHVDIHW\FRQFHUQV
SOXJJLQJWKHDLUFUDIWLQGXVWU\VLQFHLWVLQFHSWLRQ>@>@ 7KHLPSDFWLQJREMHFWVPD\EHFODVVLILHGDVVPDOODQGODUJH
OLNHEXOOHWVDQGELUGVUHVSHFWLYHO\7KHIRUPHUWHQGWRSURGXFHSULPDULO\ORFDOGDPDJHZKHUHDVWKHODWWHUFDQFDXVH
ERWKORFDODQGJURVVFDWDVWURSKHV
7RPLQLPL]H WKHFDWDVWURSKHV WKHXVDJHRI6KDSH0HPRU\$OOR\VDUH LPPLQHQWDV WKH\KDYHHODVWLFSURSHUWLHV
DIWHUEHLQJSODVWLFDOO\VWUDLQHGXSWRZKLFKLVLQIOXHQFHGE\KHDWLQJ7KH6KDSH0HPRU\(IIHFWLVFDXVHGE\D
7HO
(PDLODGGUHVVQDJXJU#JPDLOFRP
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
51 R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
PDUWHQVLWLFWUDQVIRUPDWLRQ0RVW6KDSH0HPRU\$OOR\VH[KLELWSVHXGRHODVWLFEHKDYLRXU7KH\PD\EHFRPSRVHGRI
&XEDVHGDOOR\V)HEDVHGDOOR\VDQG1LWLQRO7KH1L7LDOOR\H[KLELWVJRRG6KDSH0HPRU\FKDUDFWHULVWLFV
/LVWRIV\PEROV
S 3UHVVXUHXQGHULPSDFWLQJPLVVLOH3D
+S +XJRQLRWSUHVVXUH3D
VS 6WHDG\IORZWKHRUHWLFDOSUHVVXUHDWWKHFHQWUHRIWKHLPSDFWRQDULJLGWDUJHW3D
7 7KHRUHWLFDOLPSDFW GXUDWLRQIRUDELUGLPSDFWLQJDULJLGWDUJHWVHF
L9 %LUGLPSDFWYHORFLW\PVHF
V9 6KRFNZDYHYHORFLW\LQWKHELUGPDWHULDOPVHF
U 0LVVLOHGHQVLW\NJP
LU +U %LUGPDWHULDOGHQVLW\DWDWPRVSKHULFSUHVVXUHDQGLQWKHVKRFNHGVWDWHNJP
,PSDFWWKHRU\RIDF\OLQGULFDOERG\RQDULJLGWDUJHW
7KHELUGLPSDFWRQDULJLGWDUJHWFRQVLVWVRIDF\OLQGULFDOSURMHFWLOHRIKRPRJHQRXVPDWHULDOZLWKLQLWLDO YHORFLW\
L9 DQGGHQVLW\ LU DWDWPRVSKHULFSUHVVXUH7KHOHQJWKWRGLDPHWHUUDWLRRIFDQEHFRQVLGHUHGIRUWKHF\OLQGHU
>@7KHVKHDUVWUHQJWKRIWKHPDWHULDO LVQHJOLJLEOHLQFRPSDULVRQZLWKSUHVVXUHGHYHORSHGGXULQJWKHLPSDFW7KH
PDWHULDO LVFRQVLGHUHG WREHYLVFLGFRPSUHVVLEOH IOXLG$V WKHSURMHFWLOHFRQWDFWVZLWK WKHULJLGSODQH WKHPDWHULDO
SDUWLFOHVDWWKHLPSDFWLQJHQGDUHLPPHGLDWHO\EURXJKWWRUHVWDQGWKXVJHQHUDWHVKRFNZDYHWUDYHOVDWDYHORFLW\ 9V
WKURXJK WKHERG\7KHDWPRVSKHULFSUHVVXUHKDVEHHQQHJOHFWHG/HWXVGHILQH WKHSUHVVXUHDQG WKHGHQVLW\RI WKH
PDWHULDO EHKLQG WKH VKRFNZDYH DV3+DQG +U 7KHPDVV DQG WKHPRPHQWXPFRQVHUYDWLRQ HTXDWLRQV DFURVV WKH
GLVFRQWLQXLW\FDQEHZULWWHQLQDUHIHUHQFHIUDPHPRYLQJZLWKWKHVKRFNZDYHDVLQ(TDQG$FRQVWLWXWLYH
HTXDWLRQ UHSUHVHQWLQJ WKH PDWHULDO EHKDYLRU LV JLYHQ LQ (T  +HQFH WKH VHW RI HTXDWLRQV GHVFULELQJ WKH
SKHQRPHQRQDUH
 9L99 V+VL  UU 
LVL+ 99UU  
 LVV 999  
7KHSHDNSUHVVXUHGHYHORSHGLQWKHLQLWLDOLQVWDQWRIWKHLPSDFWLVH[SUHVVHGDVLQ(T
LLVL+ 999 UU  
7KHJLYHQVHWRIHTXDWLRQVUHSUHVHQWWKHORFXVRIWKHVKRFNHGVWDWHVRIWKHPDWHULDOLQWKH L++ 99 U SODQH
ZKHUH ++9 U DQG LL9 U 
7KHJLYHQ VHW RI HTXDWLRQVKHOS WR HYDOXDWH WKH+XJRQLRW FXUYH WR UHSUHVHQW ORFXVRI WKH VKRFNHG VWDWHV RI WKH
PDWHULDOLQWKH C L++ 99U SODQHZKHUH ++9 U DQG LL9 U 
52   R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
$VWKHPDWHULDO LVQRWUDGLDOO\FRQILQHGDIWHULQLWLDOSKDVHRIWKHLPSDFW WKHVKRFNZDYHHPHUJLQJDW WKHODWHUDO
IUHH VXUIDFHVRIWKHERG\LVIROORZHGE\DVHWRIUHOHDVHZDYHVDQGVXEVHTXHQWO\DIORZOLQHSDWWHUQLVREWDLQHG7KHQ
DMHWIORZVRQWKHIODWULJLGWDUJHWZLWKGLVWULEXWLRQRISUHVVXUHSV
7KHODVWSKDVHRIWKHLPSDFWLVFKDUDFWHUL]HGE\WKHGHFD\RIWKHLPSDFWIRUFHVDQGSUHVVXUHVH[HUWHGRQWKHWDUJHW
*LYHQWKHF\OLQGHUOHQJWK/WRWDOLPSDFWGXUDWLRQ7DQGWKHDYHUDJHIRUFHH[HUWHGRQWKHWDUJHWE\WKHLPSDFWLQJ
ERG\) FDQEHHYDOXDWHGE\ DSSO\LQJ (TVDQG
L9
/7   



 /
09
7
09
) LL   
(TXDWLRQRIVWDWHDQGKRPRJHQRXVELUGPDWHULDOPRGHOV
7KHDQDWRPLFVWUXFWXUHRIELUGVLQFOXGHVVHYHUDOLQWHUQDOFDYLWLHVVXFKDVSQHXPDWLFERQHVOXQJVDQGSHFXOLDUDLU
VDFV WKDWFRQWULEXWH WR UHGXFH WKHELUG DYHUDJHGHQVLW\ WKDWFDQEHHVWLPDWHGEHWZHHQDQGNJP DIWHU WKH
HOLPLQDWLRQ RI WKH IHDWKHUV$ SRURXV JHODWLQ RI WZR GLIIHUHQW YRLG YROXPHWULF IUDFWLRQV D   DQG  DUH
DGRSWHGWRPRGHOWKHHIIHFWVRIWKHFDYLWLHVRI DKRPRJHQL]HGELUGPDWHULDO
*HQHUDOO\ WKH ELUGPDWHULDO K\GURG\QDPLF UHVSRQVH FDQ EH FKDUDFWHUL]HG E\ D SRO\QRPLDO LQWHUSRODWLRQ RI WKH
FXUYHUHODWLQJWKHSUHVVXUHWRWKHGHQVLW\UDWLR LUU  JLYHQLQ(T
N
L
N
N
FS ¸¸¹
·
¨¨©
§
¦ 
 


 U
U 
7KH FRHIILFLHQWV RI WKH SRO\QRPLDO LQWHUSRODWLRQ DUH DYDLODEOH IRU WKH QRQSRURXV PRGHO 7KH\ KDYH EHHQ
HYDOXDWHGIRUWKHWZRSRURXVPRGHOV)LJ SUHVHQWVWKH S YV LYY  SORWVWKDWDUHGHULYHGIURPWKHLQWHUSRODWLRQV
RIWKHWKUHHELUGPDWHULDOPRGHOVZLWK D  DQG7KHFRPSDULVRQZLWKWKH+XJRQLRWFXUYHVRIZDWHU
LVFDOFXODWHGE\FRQVLGHULQJDGHJUHHRISRURVLW\WRLQGLFDWHWKUHHLQWHUSRODWLRQV7KHLQWHUSRODWLRQVFDQUHSUHVHQWWKH
VKRFNHGVWDWHVRIZDWHUOLNHPDWHULDOVZLWKWKHFRUUHVSRQGLQJGHJUHHRISRURVLW\
7KUHHELUGPDWHULDOPRGHOVDUHFRQVLGHUHGZLWKLGHQWLFDOLQLWLDOGHQVLW\ LU   NJP7KH)LJDQG UHSUHVHQW
WKHQDWXUHRIWKHRUHWLFDO+XJRQLRWSUHVVXUHYVWKHLPSDFWYHORFLW\FXUYHVREWDLQHGE\(T
7KHGHJUHHRISRURVLW\DIIHFWVVWHDG\IORZSUHVVXUHDWWKHVWDJQDWLRQSRLQW 6U 7KHSUHVVXUHDWWKHFHQWUHRIDELUG
LPSDFW FDQ EH HYDOXDWHG DV WKH VWDJQDWLRQ SRLQW SUHVVXUH RI DQ LQFRPSUHVVLEOH IOXLG E\ UHSODFLQJ WKH LQLWLDO ELUG
GHQVLW\ LU 7KHGHQVLW\RIWKHPDWHULDOREWDLQHGDIWHUHOLPLQDWLQJWKHSRURVLW\LVFDOFXODWHGIURP(T

)LJ  +XJRQLRWDQGFRPSUHVVLYHFXUYHVRI:DWHUOLNHPDWHULDODQGKRPRJHQLVHGELUG PDWHULDO







 U
D
U
D 
 ¸
¹
·¨
©
§

 LLV 9S
53 R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
5HODWLYH6SHFLILF9ROXPH
       
3U
HV
VX
UH
3
D

H
H
H
H
H
H
:DWHU1R3RURVLW\
3RO\QRPLDO/DZ
:DWHU3RURVLW\
3RO\QRPLDO/DZ
3RURLW\
:DWHU3RURVLW\
3RO\QRLDO/DZ
3RURVLW\
)LJ  7KHRUHWLFDOSHDNSUHVVXUHYVLPSDFWYHORFLWLHVFXUYHIRU+RPRJHQLVHGELUGPDWHULDO
)LQLWHHOHPHQWPRGHOLQJ
,PSDFWVLPXODWLRQZDVSHUIRUPHGXVLQJ WKHH[SOLFLW ILQLWHHOHPHQWFRGH/6B'<1$$FLUFXODUSODWH LVXVHGDV
WKHWDUJHWZLWKDF\OLQGULFDOELUGDQGKHPLVSKHULFDOHQGELUGDV WKHLPSDFWRUDVVKRZQLQILJ0RGHOOLQJDQGSUH
SURFHVVLQJ ZDV GRQH LQ $/7$,5 +<3(50(6+ )LQH PHVKLQJ ZDV GRQH IRU WKH HQWLUH SODWH WR FDSWXUH EHWWHU
UHVXOWV7KHGLIIHUHQWSDUDPHWHUVRIWKHWDUJHWDQGWKHLPSDFWRUXVHGLQWKHDQDO\VLVDUHVKRZQEHORZ
%LUGPRGHO
7KHELUGPRGHOLVPRGHOHGZLWKPPGLDPHWHUDQGPHVKHGE\QRGHGEULFNHOHPHQWVZLWKGHWDLOVVKRZQLQ
7DEOH $UHJXODUPHVKLVFUHDWHGQHDUWKHFRQWDFWDUHDEHWZHHQWKHELUGDQGWKHGLVF
7DEOH1XPEHURIHOHPHQWVLQWKHELUG
(OHPHQWW\SHQRGHEULFNHOHPHQW &\OLQGULFDOELUG &\OLQGULFDO(XOHU +HPLVSKHULFDOHQG
ELUG
(OHPHQW   
1RGHV   
(TXDWLRQRIVWDWH
,Q WKHELUG VWULNHDQDO\VLV WKH ELUG LVPRGHOHGXVLQJQXOOPDWHULDO7KH1XOOPDWHULDOPRGHO VKRXOGDOZD\VEH
DVVRFLDWHGZLWKDQ(TXDWLRQRI6WDWHRIWKHEDVLFIRUPOLNH3UHVVXUH IGHQVLW\VSHFLILFLQWHUQDOHQHUJ\$FXELF
HTXDWLRQLVVSHFLILHGLQWKHDQDO\VLVIRUWKHELUGPRGHOWR UHODWHYROXPHDQGVSHFLILFLQWHUQDOHQHUJ\
&RQWDFWW\SH
7KHPXWXDOWUDQVIHURIHQHUJ\IURPWKHLPSDFWRUWRWKHWDUJHWWDNHVSODFHZKHQDSURSHUFRQWDFWLVGHILQHG,QWKH
SUHVHQW FDVH &21675$,1('B/$*5$1*(B,1B62/,' LV XVHG 7KLV FRPPDQG SURYLGHV WKH PHFKDQLVP IRU
FRXSOLQJ LQWHUDFWLRQ EHWZHHQ D VODYH /DJUDQJLDQPHVK RI VKHOOV VROLGV RU EHDP WR DPDVWHU $/( RU (XOHULDQ
PHVK
54   R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
55 R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
       

H
H
H
H
H
H
H
.((QHUJ\
,(HQHUJ\
7LPHPLOOL6HF
.
(
	
,(
(
QH
UJ
\
N
-
)LJ .LQHWLFDQG,QWHUQDO(QHUJ\SORW
W7
       
)R
UF
H
0
9
L
7







+(0,635,%,5'
&</%,5'
)LJ 1XPHULFDORYHUDOO&RQWDFWIRUFHSORWRIGLIIHUHQWELUGPRGHORQULJLGWDUJHW
7KH DSSURDFK KDV EHHQ IRXQG VXLWDEOH WR SHUIRUP D ODUJH QXPEHU RI DQDO\VHV IRFXVLQJ RQ WKH LPSDFW ORDGLQJ
SDUDPHWHUV REWDLQHG E\ ELUGPRGHOV RI WKH F\OLQGULFDO DQG KHPLVSKHULFDO VKDSHV 6HQVLWLYLW\ VWXG\ KDV EHHQ ILUVW
SHUIRUPHGDGRSWLQJ WKHYDOLGDWHGDSSURDFKE\YDU\LQJ WKHPRGHO VKDSH7KHFRPSDULVRQZLWK WKHDYHUDJHYDOXHV
DQGWKHVWDQGDUGGHYLDWLRQVRIWKHH[SHULPHQWDOGDWDUHSRUWHGLQOLWHUDWXUHDOORZHGWRLGHQWLI\DVHWRIELUGPRGHOV
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56   R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
HOHPHQWIRUPXODWLRQLVVXLWHGWRPRGHOLVRWURSLFDQGNLQHPDWLFKDUGHQLQJSODVWLFLW\,WLVHIIHFWLYHPDWHULDOPRGHOIRU
EHDP VKHOO DQG VROLG HOHPHQWV 0$7B6+$3(B0(025< PDWHULDO PRGHO GHVFULEHV WKH VXSHU HODVWLF UHVSRQVH
SUHVHQW LQ VKDSH PHPRU\ DOOR\ ZKLFK LV WKH SHFXOLDU PDWHULDO DELOLW\ WR XQGHUJR ODUJH GHIRUPDWLRQ ZLWK D IXOO
UHFRYHU\LQORDGLQJDQGXQORDGLQJF\FOH%LUG0DWHULDOPRGHOWKHPDWHULDOPRGHOXVHGIRUPRGHOLQJWKHF\OLQGULFDO
HQGHGELUGLV0$7B18/7KHIROORZLQJSURSHUWLHVKDYHEHHQXVHG0DVVGHQVLW\ .JP
(TXDWLRQRIVWDWH
,QWKHELUGVWULNHDQDO\VLVWKHELUGLVPRGHOHGXVLQJQXOOPDWHULDO DVVRFLDWHGZLWKDQHTXDWLRQRIVWDWHRIEDVLF
IRUP3UHVVXUH I'HQVLW\ 6SHFLILFLQWHUQDOHQHUJ\7KHVLPSOHVWHTXDWLRQRIVWDWHLV WKHJDPPDODZHTXDWLRQRI
VWDWH$SRO\QRPLDOHTXDWLRQRIVWDWHLVVSHFLILHGLQWKLVDQDO\VLVIRUWKHELUGPRGHO,QSRO\QRPLDOHTXDWLRQRIVWDWH
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 VKRZWKHIORZDQGVWUHVVSDWWHUQ
RIELUGUHVSHFWLYHO\ 7KHILJVDQG VKRZWKHYDULDWLRQRIWKHLQWHUQDOHQHUJ\RIWKHELUGZLWKUHVSHFWWRWLPHDQG
GHFUHDVHLQWKHNLQHWLFHQHUJ\RIWKHELUG7KHILJVDQG VKRZWKHFRQWDFWIRUFHYDULDWLRQRQGLVF
)LJ IORZSDWWHUQRIELUGRQGHIRUPDEOHWDUJHW
57 R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
)LJ 6WUHVVSDWWHUQRQGHIRUPDEOHWDUJHW
       

H
H
H
H
H
H
H
.((QHUJ\
,(HQHUJ\
7LPHPLOOL6HF
.
(
	
,
(
(
QH
UJ
\
N
-
)LJ .LQHWLFDQG,QWHUQDO(QHUJ\SORW
58   R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
)LJ .LQHWLFDQG,QWHUQDO(QHUJ\SORWRI60$
)LJ &RQWDFWIRUFHSORWRIELUGRQGHIRUPDEOHWDUJHW
)LJ &RQWDFWIRUFHSORWRIELUGRQ60$
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ZLWK FORVHU DSSUR[LPDWLRQ +HQFH LW LV VXJJHVWHG WR UHSODFH SODVWLF NLQHPDWLF PDWHULDO ZKLFK LV EHLQJ XVHG LQ
DLUFUDIWVZLWK1L7L6KDSH0HPRU\$OOR\WRKDYHIOH[LELOLW\LQUHFRYHULQJRULJLQDOVKDSHE\KHDWLQJ
5HIHUHQFHV
5DGH9LJQMHYLF  $SDUDPHWULFVWXG\RIELUGVWULNHRQHQJLQHEODGHV,QWHUQDWLRQDO-RXUQDORI,PSDFW(QJLQHHULQJH
7KRUSH -  ,%6&0HHWLQJ<RUN ,Q8SGDWHRQ IDWDOLWLHV DQGGHVWUR\HG FLYLO DLUFUDIW GXH WRELUG VWULNHVZLWK DSSHQGL[ IRU 	
,QWHUQDWLRQDO%LUG6WULNH&RPPLWWHH
%XGJH\5  WKH GHYHORSPHQWRIDVXEVWLWXWHDUWLILFLDOELUGE\WKHLQWHUQDWLRQDOELUGVWULNHUHVHDUFKJURXSIRUXVHLQDLUFUDIWFRPSRQHQWWHVWLQJ
,QWHUQDWLRQDO%LUG6WULNH&RPPLWWHH,%6&:3,(






                         
7LPH
3UHVVXUH









              
WLPH
.LQHWLF(QHUJ\
,QWHUQDO(QHUJ\
59 R.G. Nagraj et al. /  Procedia Materials Science  5 ( 2014 )  50 – 59 
1DJUDM5*  1XPHULFDOVLPXODWLRQRIVRIWERG\LPSDFWRQ6KDSH0HPRU\$OOR\V60$,QWHUQDWLRQDO-RXUQDORI6FLHQWLILF	(QJLQHHULQJ
5HVHDUFK
1DJUDM5*  3HUIRUPDQFH HYDOXDWLRQ RI VRIW ERG\ LPSDFW RQ 1L7L VKDSH PHPRU\ DOOR\ ZLWK FRQLFDO PRGHO ,QWHUQDWLRQDO -RXUQDO RI
6FLHQWLILF	(QJLQHHULQJ5HVHDUFK 
$LUROGL$	&DFFKLRQH% 0RGHOLQJRI LPSDFWIRUFHVDQGSUHVVXUHV LQ ODJUDQJLDQELUGVWULNHDQDO\VHV ,QWHUQDWLRQDO-RXUQDORI ,PSDFW
(QJLQHHULQJSS±
6FKHZHU /(  3UHOLPLQDU\ DVVHVVPHQW RI QRQODJUDQJLDQPHWKRGV IRU SHQHWUDWLRQVLPXODWLRQ 3URFHHGLQJV RI WKH WK ,QWHUQDWLRQDO /6
'<1$8VHUV&RQIHUHQFH
%DUEHU-37D\ORU+5:LOEHFN-6  %LUGLPSDFWIRUFHVDQGSUHVVXUHVRQULJLGDQGFRPSOLDQWWDUJHWV7HFKQLFDOUHSRUW$))'/75
$LU)RUFH)OLJKW'\QDPLFV/DERUDWRU\
